). Control mAb (4H2) has no affect on matrix assembly ( Figure 1A These data indicate that a lack of extension is not due to patterning defects in the ex-3B). In explants derived from HA␤1-injected embryos, the cells of both mesodermal ( Figure 3C ) and neural planted tissues.
tion, which drive convergence and extension movements.
Results

FN Matrix Is Required for Morphogenesis, but Not Patterning
We used two approaches to manipulate FN matrix assembly during gastrulation in Xenopus embryos. As reported previously [7] , intrablastocoelar injection of function-blocking mAbs (e.g., 4B12) directed against the central cell binding domain (CCBD) of FN inhibit matrix assembly across the entire blastocoel roof (BCR; Figure  1D ). Control mAb (4H2) has no affect on matrix assembly ( Figure 1A ). Embryos that lack FN matrix show delayed blastopore closure and defects in neural, mesoderm-, and endoderm-derived tissues [7] . We asked whether these defects arise as a result of tissue rearrangements or alterations in patterns of gene expression. In embryos lacking FN matrix, the patterns of Xnot [30] and Xbra [31] reveal shorter and broader A/P axes (Figures 1E and 1F) than those seen in control embryos ( Figures 1B  and 1C ). Measurements of expression domains for both mesodermal markers reveal that in embryos lacking FN, the AP axial length of expression is typically reduced between 10%-30%, while the lateral margins of expression are increased by up to 50% (n ϭ 10 for each marker). These data suggest that FN-integrin interactions are not required for patterning events, but that convergent 
FN Matrix Is an Essential Component of the Convergent Extension Mechanism
little extension after 4 hr ( Figure 2E ) and no further extension after 18 hr ( Figure 2F ). These phenotypes were Decreased axial extension in embryos that do not have an FN matrix indicates that FN can play a role in mediatconsistently observed in multiple experiments with over 85% of HA explants (36/42) showing full extension of ing the cellular rearrangements that drive convergent extension. We directly tested this by examining converboth neural and mesodermal tissues, while, in HA␤1-expressing explants, complete extension was never obgent extension in both neural and mesodermal tissues by using Keller sandwiches [33] . Keller sandwiches from served (0/39). To confirm that lack of extension in Keller sandwiches HA-injected embryos had initiated mesoderm extension by 4 hr (Figure 2A ) and were fully extended after 18 hr was not due to alterations in cell fate, we stained explants for notochord (mAb Tor70) and somite (mAb 12-( Figure 2B ). Explants that expressed HA␤1 displayed Figure 6D ). These experiments suggest that integrin ligation stimulates changes in cell mobility required for reintegration behaviors.
We then asked if this integrin-dependent behavior also required C-cadherin adhesion. Indeed, the invasive behavior stimulated by the GST-9.11 fusion protein (compare Figures 7E and 7F) [46] . Thus, multiple routes to bined in cell-sorting assays, combinations of cells exactivation of integrin-dependent signaling pathways expressing HA/HA or HA␤1/HA␤1 mix equally well, indicatist that do not require extracellular ligand binding. As in ing that cell-cell adhesion is equivalent. However, when the case of integrins, cadherin adhesive function can cells expressing HA and HA␤1 are combined, the cells be regulated through the cytoplasmic tail [27] . Cadherin segregate, indicating nonequivalancy. This behavior is and integrin tails may normally "compete" for a limiting at least partially attributable to C-cadherin because an factor(s) common to both adhesive systems. One moleactivating antibody largely reestablishes adhesive cule suggested to be involved in the regulation of cadhequivalency among HA-and HA␤1-expressing cells, erin adhesivity is the nonreceptor tyrosine kinase FER, while an antibody that blocks C-cadherin function does which binds to the juxtamembrane region of the cadhnot permit HA␤1-dependent sorting. To our knowledge, erin cytoplasmic tail and is also implicated in integrin this is the first example of regulation of cell sorting that function [47, 48] . is independent of switches in cell adhesion molecule type or expression levels.
To further examine integrin-dependent cadherin activ-FN Is Part of a Larger Convergent Extension Machine ity, we adapted a reintegration assay that uses isolated DMZ cells that have not been exposed to an FN matrix.
How cell intercalations are locally confined is one of the mysteries surrounding convergent extension. Initiating When these cells are dissociated in Ca ϩ2 /Mg ϩ2 -free solutions, they do not reintegrate into the DMZ over a short and restricting cell intercalation within local domains is essential to convergent extension as a mechanism for period of time. The ability to reintegrate requires exposure to an integrin ligand such as FN and is dependent driving morphogenesis. It is clear that the presence of FN matrix is required for normal cell intercalations that upon C-cadherin function. These assays also suggest that cell motility within tissues that undergo convergent support epiboly and convergent extension (i.e., radial and medial-lateral intercalation); additionally, FN plays extension can be at least partially mediated through cadherin adhesion. Interestingly, antibodies that both a more widely studied role in mesendoderm migration across the blastocoel roof [4, 9, 49, 50]. The assembly block or activate C-cadherin block reintegration, indicat-
